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Eepidemiological studies have linked exposure to 
ultrafine particles (UFPs, <100 nm) to a variety of 
adverse health effects. To understand the mechanisms 
behind these effects, it is essential to measure aerosol 
deposition in the human respiratory tract. Electrical 
charge is a very important property as it may increase the 
particle deposition in human respiratory tract (Melanderi 
et al., 1983). However, the effect of charge on UFP 
deposition has seldom been investigated. The aim of this 
study is to investigate the effect of charge on UFP 
deposition in human lung, by conducting a pilot study 
using a tube-based experimental system. 
A nebuliser (Model CN241, BGI Inc., US) was 
used to generate polydisperse diethyl-hexyl-sebacate 
(DEHS) particles. A Scanning Mobility Particle Sizer 
(SMPS) was used to measure particle size distribution 
and particle number concentration (PNC) was measured 
by both an SMPS and a TSI 3010 Condensation Particle 
Counter (CPC). The SMPS is comprised of a CPC and a 
3071 Electrostatic Classifier (EC). An ioniser (AH-202, 
Aironic, US) inside the chamber was used to charge the 
DEHS particles, and an Aerosol Electrometer (AE, TSI 
Model 3068) was used to measure particle charge. In 
order to investigate the effect of charge on particle 
deposition in the tube, three aerosols were compared:  
charged (generated by nebuliser, then charged by an 
ioniser), non-charged (generated by nebuliser), charge 
neutralised (generated by nebuliser and then passed 
through an 85Kr bi-polar charger). A sampling box (9 L) 
was connected to the end of the tube (L: 85 cm; D: 1.7 
cm), which acted as a reservoir to avoid measuring the 
artefacts produced by flow fluctuation. The aerosols 
were drawn through the tube from the large chamber 
(1m3) into the sampling box at a flow rate of 7.5 L/min. 
Particle number concentration and charge were measured 
by the CPC and AE, respectively, both before and after 
the aerosols were drawn through the tube. For each of 
the three aerosols, particle deposition was determined by 
comparing the particle number concentration difference 
before and after the aerosol passed through the tube. The 
average of three to five measurements was taken as the 
final deposition value. 
Only the comparison between the deposition 
fraction of charged and non-charged particles is reported 
here. As can be seen form Table 1, the deposition 
fraction of charged particles increased 78% compared 
with non-charged particles. The increase in deposition 
for UFPs was generally higher than those of submicron 
particles. However, it is too early to conclude that charge 
has a greater effect on lung deposition for UFPs than for 
larger particles, since the difference could be a result of 
conducting in vitro experiments (i.e. the plastic tube used 
this study or the metal cast used by Cohen et al., 1998) 
versus in vivo experiments (i.e. the rats studies in Ferin 
et al., 1983 and the humans studied in Melandri et al., 
1983). Further in vivo experiments are needed to 
confirm this hypothesis and therefore, the focus of our 
future work will be to measure the deposition of charged 
UFPs directly in the human lung. 
 
Table 1. Comparison of deposition increase 
DFI Subject Particle Literature 
 
1.78 
Charged/ 
Non-charged 
 
PE tube 
 
DEHS 
Polydisperse 
(CMD 90nm) 
 
Current 
study 
 
2.3 
Singly 
charged/  
neutralised 
 
Metal  
cast 
 
FAH 
Monodisperse 
125 nm 
 
Cohen et 
al., 1998 
 
 
1.15-1.3 
29-66e/3e 
 
Human 
lung 
 
Carnauba wax 
Monodisperse 
0.33-1 um 
 
Melanderi 
et al., 1983 
 
1.25 
Non-
charged/ 
Neutralised 
 
Rat 
lung 
 
TiO2 
Polydisperse 
0.5 um 
 
Ferin et al., 
1983 
DFI: Deposition fraction increase, ratio of deposition 
fraction between particles with different charges PE: 
polyethylene FAH: Fluorescein-ammonium hydroxide 
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